The perspectives of social selection and causation have long been debated. Social selection theory is as "social" as social causation theory, since all diseases are social and no biological process occurs outside society. To identify the social selection pathway and historical juncture affected by socioeconomic and political changes, we investigated the reciprocal impact of suffering from tuberculosis (TB) on the current socioeconomic position (SEP), stratified by childhood SEP. We also examined the extent to which the social consequences of ill health changed since the East Asian economic downturn. Data were collected for 2007-2012 from the Korea National Health and Nutritional Examination Survey. To identify associations between TB history and current household income (HHI), we constructed an ordinal logistic regression model adjusted for covariates, including age, gender, educational attainment, and job status. We adopted a recursive regression model to examine trend changes in this association from 1980-2012 to 2003-2012. Of 28,136 participants, 936 had experienced TB. In the first ordinal logistic regression, the TB group was more likely to have lower HHI than the non-TB group. The odds ratios (ORs) increased from 1.30 (1980-2012) to 1.86 (2003-2012) for the TB group, increasing their probability of having low HHI. Among the low childhood SEP group, the TB group's probability of having low HHI was 1.35 (95% confidence interval [CI]: 1.16-1.57) during 1980-2012, which increased to 2.01 (95% CI: 1.37-2.95) during [2003][2004][2005][2006][2007][2008][2009][2010][2011][2012]. For the high childhood SEP group, the TB group's OR range fluctuated, similar to that for the non-TB group. The results support the social selection pathway from TB history to adverse impact on current SEP. Our study identified downward social mobility due to TB history among the low childhood SEP group. Moreover, negative social consequences deteriorated since the East Asian economic crisis.
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Introduction

Social selection model and debate to explain health inequality
The perspectives of social selection and causation have long been debated [1] . While there are several definitions of the social selection model, social selection generally means that the biologic traits of individuals determine their social positions, particularly for those with mental disorders or disabilities [2, 3] . The model is usually studied under the concept of social mobility, along with intergenerational and intra-generational mobility [4, 5] . Although the social selection model plays a relatively minor role in the field of health inequality [6, 7] , several empirical studies have examined upward or downward social mobility based on the social selection hypothesis [8] [9] [10] . However, we believe that social selection theory is as "social" as social causation theory, since all diseases are social, and no biological process occurs outside society. Moreover, in comparison with the biologic explanation of social selection, West (1991) argued that social discrimination, including stigmatization or unhealthy status labeling, could be a mechanism to explain social selection [5] . In particular, tuberculosis (TB) was conceptualized as the cause and consequence of socioeconomic position (SEP) [11] . However, there are few empirical studies identifying social mobility for those suffering of TB in a model with temporality. Isaac and Griffin (1989) criticized the studies that used pooled regression or subunits of the time parameter as dummy variables could ensure a "separation of theory and history," consequently presenting "ahistorical" results. They argued that "ahistoricism" was generated from an arbitrary pooling of the timeframe, which includes "war and peace, and depression and prosperity" [12] . Alternatively, Griffin and Isaac (1992) suggested "recursive regression," constructed based on theoretically and historically driven methods.
Importance of historical time
The East Asian financial crisis and tuberculosis in South Korea
Among the Organisation for Economic Co-operation and Development (OECD) countries, South Korea's TB burden is by far the highest. One hypothesis is the "Korean War" thesis, wherein scholars argue that TB was widespread during the Korean War (1950) (1951) (1952) (1953) , and the disease progressed in many of the now-elderly population from latent TB infection when certain conditions were met [13, 14] . These could explain the absolute burden of TB in South Korea but not why it has recently stagnated.
To understand this, we paid limited attention to a "social" explanation. From a global perspective, TB is conceptually considered as a cause or consequence of SEP [15] . These arguments are not new in public health studies. In the second half of the 20th century, economic growth was considered an important factor in eliminating the global burden of infectious diseases [16, 17] . An economic downturn could influence disease susceptibility and treatment consequences by increasing both social inequality among the vulnerable population and deterioration of health infrastructure, which could also influence the transmission of infectious disease [18] . In previous TB research, approaches similar to that of McKeown's thesis of "fundamental causes" were used to investigate the relationship between economic development and TB morbidity. In Latin American countries, economic growth was associated with low TB mortality; however, this association was eliminated when models were adjusted for the increase in income inequality [19] . The International Monetary Fund (IMF) promoted cuts to social spending in recipient countries, including spending for health, which had a negative effect on TB mortality in Eastern European countries [20, 21] . These studies have consistently emphasized the impact of economic development and crisis on the TB burden, even if the mechanisms involved are still unclear in these macro-level studies.
Therefore, it would be an appropriate approach to scrutinize the Korean context based on the conceptual perspective of TB, along with social selection or causation hypothesis, as well as macro-level determinants. In addition, studies on financial crises used macro-comparative designs but paid little attention to individual SEP. Because group-level correlations are not always consistent with individual-level relationships [22] , it is important to identify the compositional effects in an individual-level study.
The study thus aims to investigate the impact of TB suffering on current household income, stratified by childhood SEP. The study also examines the extent to which the social consequences of ill health have changed since the East Asian economic downturn.
Methods
Study population
To identify previous TB patients, data were collected for 2007-2012 from the Korea National Health and Nutritional Examination Survey, which is "a nationwide cross-sectional survey conducted every year, and its target population comprises nationally representative non-institutionalized civilians in Korea" [23] . We generated a pooled dataset and a retrospective cohort model by considering the temporal order of variables from the cross-sectional surveys.
We measured parental educational attainment as a proxy of previous SEP, which reflects the childhood SEP before TB diagnosis, self-reported experiences of previous TB diagnoses, and current household income (HHI) as the proxy of post SEP that is considered as current SEP after TB treatment (Fig 1) . All three variables were measured at the same time; however, we could logically build a temporal order from paternal education to TB diagnosis and then to current HHI. We constructed a retrospective cohort model using this temporal ordering. In addition, patients who had experienced active TB reported their age at the first diagnosis of this disease. In the dataset, the number of patients with TB gradually increased every year until 1980 and decreased thereafter. Thus, we selected 1980 as the first year of study to be close to the TB incidence pattern of the population of South Korea that gradually decreased since 1975. As a result, only people aged 32 years and above in 2012 were included in the study, because they would have been born in or after 1980.
Measurements
Lifetime TB diagnosis is a main variable in the study. This term is applicable to an individual answering, "yes" to the following questions: (1) "Have you ever had pulmonary TB?" (2) "On examining you, has a physician ever diagnosed pulmonary TB?" (3) "How old were you when you had pulmonary TB?" Paternal education was categorized into two groups: � middle school and � high school. If, for any individual, data on these variables were only partially available, that individual was excluded from the study. Thus, the independent variable was constructed in combination with paternal education and TB history using the following dummy variables: level of paternal education (High and Low) and lifetime TB history (TB or non-TB). The combination of variables non-TB and Low was described as Low SEP/non-TB, TB and Low as Low SEP/TB, TB and High as High SEP/TB, and non-TB and High as High SEP/non-TB. As the outcome variable, the current HHI was transformed into quartile HHI, with the fourth quartile being the highest income group. Other covariates included age, gender, educational attainment, and job status, which were categorized as follows: age into four groups (32-39, 40-49, 50-59, and 60+ years), gender into two groups (female and male), educational attainment into three groups (� middle school, high school, and � university), and job status into six groups (owner/self-employed, permanent, temporary, part-time, unemployed/economically inactive/household worker, and unknown).
Data analysis
The lifetime TB history for all variables was estimated and the statistical significance of the association was tested with Pearson's chi-squared test. To identify associations between TB history and the current HHI, we constructed an ordinal logistic regression model, and HHI was reverse coded (0: highest HHI; 3: lowest HHI). This model was adjusted for covariates, namely age, gender, own educational attainment, and job status. Because the youngest age at TB diagnosis was 27 years old among participants, the effect of educational progress after TB treatment was minimized. Next, we constructed the recursive analysis model. In the first analysis, we used data on individuals diagnosed with TB between 1980 and 2012 and on all individuals without TB (i.e., non-TB). We excluded individuals with TB diagnosed in 1980 from the second analysis; in each subsequent analysis, we excluded individuals diagnosed with TB in each subsequent year after 1980. The final analysis used data on all individuals diagnosed with TB between 2003 and 2012 and on all individuals without TB. Consequently, a set of odds ratios (ORs) was serially calculated for each timeframe from 1980-2012 to 2003-2012. To identify the general trend, we combined the childhood SEP group at the first analysis and, subsequently, childhood SEP-stratified analysis was conducted. The serial ORs were plotted in a graph to identify any structural breaks in the associations. To understand the downward social mobility, the model was also applied within the same strata of childhood SEP. All data analyses were performed using STATA/MP version 13.0 (StataCorp, College Station, TX, USA) to account for sampling weights.
Results
There were 28,136 participants, and 936 (3.3%) among them had experienced TB in their lifetime. The general characteristics of all variables are listed in Table 1 . The male and older age groups experienced TB more frequently in their lifetime, and the differences with their counterparts are statistically significant. The proportion of participants with TB is significantly higher in the lowest quartile of HHI than in the highest. Other variables, including paternal education, job status, and education, are not differentiated by lifetime TB history. In the first ordinal logistic regression, the TB group was more likely to have lower HHI than the non-TB group. After eliminating data on individuals diagnosed with TB between 1980 and 2002 (timeframe: 2003-2012), the same trend was observed after adjusting for age, gender, educational attainment, and job status. The ORs increased from 1.30 (1980-2012) to 1.86 (2003-2012) for the TB group, thus increasing their probability of having low HHI (Table 2) . Moreover, among the low childhood SEP group, the probability of the TB group having low HHI was 1. (Table 3 ). The analysis of the high childhood SEP group showed that the probability of the TB group having low HHI increased slightly from 1.10 (95% CI: 0.81-1.51) and 1.66 (95% CI: 0.85-3.27) for the 1980-2012 and 2003-2012 timeframes, respectively, but no difference exists between the TB and non-TB groups (Table 4 ). All point estimates were combined in a plot graph to present historical trends. First, we identified that TB history increased the probability of having low HHI, but the range of ORs was limited between 1.22 and 1.39 before 1997-2012. However, after excluding the data for 1996, the OR began to increase, reaching 1.90 in the 2002-2012 timeframe (Fig 2A) . Therefore, the structural break point from the analysis was indicated in 1997. Moreover, a similar trend was observed within the low childhood SEP group (Fig 2B) . However, within the high childhood SEP group, the range of ORs fluctuated for the TB group, which was not significantly different from that of the non-TB group (Fig 2C) .
Discussion
To the best of our knowledge, this is the first study to elucidate the social selection pathway of TB and SEP, as well as its interrelation with the economic crisis. We hypothesized that downward social mobility might be observed among the group with TB history. The study results partially explain mobility, because TB history was associated with low HHI within the low childhood SEP group but not the high childhood SEP group. Among those with low childhood SEP, it was more difficult for those with TB than without TB to have a high HHI, and this became even more difficult after the East Asian economic crisis of 1997. The results are consistent with those of other studies focusing on the relationship between SEP and health status. This relationship was previously evaluated based on the social causation and social selection pathways [24] [25] [26] . Dohrenwend et al. [24] focused on mental disorders and identified the effect of SEP on health status, as well as the reverse pathway. Mulatu and Schooler [25] studied the association between self-reported health scales and SEP measures. More recently, several empirical studies investigated reciprocal pathway and focused on unstable working conditions as a consequence of ill health [27] [28] [29] . TB researchers have also focused on the impact of TB history on social inequality but found little empirical evidence [15, 30] .
Nevertheless, there is considerable evidence supporting our results. First, the direct and indirect cost from the time lost by a patient seeking and receiving care might be a driver of social consequences. A meta-analysis conducted in low-and middle-income countries showed that the indirect cost arising mainly from income loss due to TB treatment was approximately 60% of the total financial burden of receiving TB care [31] . The other study also identified a large amount of productivity losses due to TB care in high income countries [32] . Within the South Korean health insurance system, co-payment and out-of-pocket medical cost comprised more than 50% of total cost [33] , and catastrophic health expenditure was also a significant issue [34] . The duration of TB treatment is at least six months, but the period can extend to more than two years for patients with drug-resistant TB. Therefore, a relatively long treatment period and weak health insurance coverage could increase a patient's costs. Second, the precarious labor market and low social protection would cause economic suffering for TB patients during the treatment period and immediately after treatment completion. During the treatment period, various employment challenges could emerge, such as the use of sick leave, job and income loss, and the threat of being fired. In particular, studies reported the existence of a vulnerable Korean labor market with high level of precariousness and its association with health status [35, 36] . With insufficient social protection, the adverse effects of the financial burden would be extended. After the Korean economic crisis, the proportion of unemployed persons, number of homeless persons [37] , and income inequality [38] suddenly increased. GDP per capita in Korea decreased at -5.9% in the first quarter of 1998 and rapidly recovered in the fourth quarter of 1998 [39] . The unemployment rate in Korea was around 2% in 1997, but increased to 8.7% in 1999 and slightly stabilized in 2000, but never returned to the level before the economic crisis [37, 40] . Even though some indicators are relatively stable, income inequality in Korea has been increasing since the economic crisis, and the Gini index is still high [41] . Several previous studies highlight the adverse effect of low SEP on health after economic crises [39, [42] [43] [44] [45] [46] [47] [48] . In our study, the reciprocal effect of TB history on SEP exacerbated after the financial crisis. This result implies that, after the financial crisis, it has become more difficult for TB sufferers to recover their income level after the completion of TB treatment because of the precarious labor market situation. On the other hand, there were no differences in current HHI between the TB and non-TB groups if childhood SEP was high. This suggests that people with relatively high SEP are less likely to suffer from economic strain during TB treatment and after treatment completion. This is because the previous high SEP may buffer the socioeconomic burden derived from the disease. Third, TB might cause long-term TB sequelae, including impaired pulmonary function and respiratory symptoms [49] . In addition, social stigma and discrimination would play an important role in hindering economic recovery after TB treatment, which persisted for long periods among those with TB history [50] .
In our study, a recursive analysis was performed with a moving set of historical periods rather than a fixed set. Several TB studies have been conducted without considering historical time as a contextual dynamic [51, 52] . A study to identify the birth cohort effect of latent TB infection used five-year interval timeframes without concern about the rationality to fix a specific period [52] . Lifetime TB prevalence was also used as an outcome variable in a study conducted in South Africa [51] ; however, the lifetime might not only be a dynamic period but also include politically unstable periods such as the apartheid and democratization in the South African context. Because a social phenomenon is closely linked with historical time, causal . From our results, the pooled analysis presented well the reciprocal pathway from TB history to low SEP, but nothing more. Understanding and considering historical time in our recursive analysis would be useful to identify a break or turning point of downward social mobility, such as the economic crisis in our case. This study has several limitations. Firstly, childhood SEP was measured as paternal educational attainment, which was not the same as post SEP (own HHI): the best way to do this is to compare previous HHI before TB diagnosis with post HHI after TB treatment. However, our dataset was insufficient to perform a more robust comparison. Therefore, we considered paternal educational attainment as a proxy for childhood SEP, because paternal SEP is well correlated with post SEP, regardless of the TB history in our dataset. Second, the study may have a selection bias. Many patients with TB had died before the survey period and, consequently, these cases could be included in the survey. From the dataset, TB cases gradually increased since the 1930s and decreased after 1980. If we consider the real trend of TB incidence in South Korea, many TB cases diagnosed during were not captured in the survey [54] . To reduce this bias, we chose 1980 as the first year of the study. Third, we controlled for job status as a potential confounder, which may be an underestimation of the social selection. However, the same job status between study participants could not place them in the same position, because age distribution was wide and individuals who started to work after the economic crisis would be in a more vulnerable working position. Therefore, we considered it would be a potential confounder in the association between TB history and household income.
The results from this study support the social selection pathway from TB history to the adverse impact on current SEP. Our study also identified the existence of downward social mobility due to TB history among the low childhood SEP group. Moreover, the negative social consequence has exacerbated since the East Asian economic crisis. Consequently, the study provides evidence to support the timely implementation of the "End TB Strategy," which includes elimination of catastrophic cost as a target indicator in conjunction with the implementation of poverty alleviation strategies and social protection measures to eliminate TB [30] . However, our results should be interpreted with caution because of the time lapse between TB history and HHI. Therefore, low HHI might be a cause of TB among some study participants who still presented low HHI at the end point, because we could not measure the previous HHI from our dataset. As such, further studies are still required for a deeper understanding of the causal relationship from TB history to low SEP based on the social selection pathway. Both qualitative and quantitative studies would be required to identify the causal pathways underlying this relation. In particular, these studies would provide a good way to identify which socioeconomic barriers, such as job insecurity and indirect care cost, cause TB patients to become poor during or after the TB treatment period and how these barriers function. Finally, policy interventions should focus on reducing the harmful effects of economic crises on health concerns and adapting countercyclical policies in the labor market and social services.
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